This study quantitatively assesses the association between age and cervical joint position error (JPE) and compares JPE between young and older asymptomatic subjects. Subjects (n = 230) ranging in age from 17 to 70 years volunteered to participate in the study. Cervical JPE was measured for all subjects with the active movement angle reproduction test in degrees using a digital inclinometer; testing was done in all cervical movement directions (flexion, extension, side-bending right and left, rotation right and left). Subjects were divided into two groups: young (n = 169, mean age: 32.4 years; range 17-49 years) and older (n = 61, mean age: 61.9 years; range 50-70 years) and JPE was compared. Pearson's product-moment correlation coefficients were significant and positive for the association of age on cervical JPE in flexion (r = 0.71), extension (r = 0.81), side-bending right (r = 0.77), side-bending left (r = 0.84), rotation right (r = 0.84), and rotation left (r = 0.84). JPE was significantly larger (for all * Corresponding
A B S T R A C T
This study quantitatively assesses the association between age and cervical joint position error (JPE) and compares JPE between young and older asymptomatic subjects. Subjects (n = 230) ranging in age from 17 to 70 years volunteered to participate in the study. Cervical JPE was measured for all subjects with the active movement angle reproduction test in degrees using a digital inclinometer; testing was done in all cervical movement directions (flexion, extension, side-bending right and left, rotation right and left). Subjects were divided into two groups: young (n = 169, mean age: 32.4 years; range 17-49 years) and older (n = 61, mean age: 61.9 years; range 50-70 years) and JPE was compared. Pearson's product-moment correlation coefficients were significant and positive for the association of age on cervical JPE in flexion (r = 0.71), extension (r = 0.81), side-bending right (r = 0.77), side-bending left (r = 0.84), rotation right (r = 0.84), and rotation left (r = 0.84). JPE was significantly larger (for all
Introduction
Proprioception refers to information sent by afferent receptors from peripheral muscles, capsules, ligaments and joints to the central nervous system that contributes to efficient neuromuscular control of movement and joint stability [1] [2] [3] [4] [5] . Proprioception encompasses the sensation of joint position and joint movement (kinesthesia) [5, 6] .
Position sense of the head and neck is mediated by cervical proprioceptors, visual stimuli, and vestibular systems [7, 8] . Sensory information from mechanoreceptors in structures in and around a joint plays an important role in joint stability [9] . Abnormal cervical afferent inputs result in an impaired cervical position sense, which is measured as cervical joint position error (JPE) [10] [11] [12] . Cervical position sense primarily reflects ascending inputs (afferent) from the neck muscle, capsule and ligament receptors of the cervical spine [13, 14] . Head positioning tests are frequently adapted to assess cervical JPE [8, [15] [16] [17] [18] [19] . Several methods exist to investigate cervical JPE, and the most commonly used is the active movement angle reproduction test, which requires the subject to relocate a neutral head position or a target head position selected by the investigator [8, 15] . In head position sense measurement studies, the variable measured is the difference between the reference point position entrenched initially (either a neutral or target position) and the position produced by the subject when attempting to match the target position [8] . This difference is called JPE and has angular units of degrees (°). As humans age, the cervical spine undergoes degeneration, leading to decreased cervical range of motion (ROM), decreased cervical muscle strength and an altered length-tension relationship [20] [21] [22] . These changes may contribute to a reduced cervical joint position sense [22] . Agerelated reduction of joint position sense in peripheral joints such as the hip [23] , knee [24] [25] [26] , ankle [27] [28] [29] and upper extremity joints [30, 31] of asymptomatic subjects has been documented, and JPE is associated with injury, joint pain, muscle fatigue, and chronic pain [27, [32] [33] [34] . However, literature on the effect of age on cervical joint position sense in asymptomatic subjects is lacking. A study on patients with whiplash injury (ages 18-66 years) suggests a positive correlation between age and cervical JPE [35] . This supports the idea that age can influence cervical JPE in cervical pathological conditions. This study hypothesizes that cervical joint position sense and cervical JPE correlate with age in asymptomatic subjects, and that cervical JPE is larger in older subjects compared to younger subjects. The objective of this study was to quantitatively assess the association of age on cervical JPE in asymptomatic individuals and to compare cervical JPE of younger and older subjects.
Subject and methods

Subjects
Volunteer participants were recruited through advertisements in the physical therapy department of the university and in the local city, in the form of posters and verbal announcements. A total of 230 asymptomatic subjects (age range: 17-70 years) were recruited to participate in the study. Subjects were divided into two groups: younger (n = 169, mean age = 32.4 years; range = 17-49 years) and older (n = 61, mean age = 64.9 years; range = 50-70 years). All subjects included in the study reported having no neck pain at the time of the study. Subjects were excluded if they had prior treatment for neck pain; any history of traumatic spinal injury; a whiplash-associated disorder; central nervous system impairment such as paresthesia; vestibular impairment such as vertigo, dizziness or motor imbalance; or neck pain elicited by cervical motion in the range used for the study. All subjects were required to attend two sessions. In the first session, subjects were familiarized with the equipment and re-positioning tasks and in the second session, cervical JPE was assessed. Demographic data (age, height, weight) were recorded. Subjects were required to sign an informed consent prior to participating in the study. This study was approved by the university ethics review board committee (REC/2016-01-06).
Instrumentation
Cervical JPE was measured using a Dualer IQ digital inclinometer (J-Tech Medical, Midvale, UT, USA; Fig. 1 ). The digital inclinometer is reliable, fast, and high in measurement precision [36, 37] . Digital inclinometer spine evaluation protocols are well established and endorsed by the American Medical Association (AMA) [38] . The digital inclinometer allows clinicians to evaluate range of motion and proprioception using dynamic inclinometry similar to that used in other goniometric protocols [39] . The digital inclinometer has shown testretest reliability for measuring spine range of motion [38, 40] .
Measurement of cervical joint position error
For the test, subjects sat upright in a chair with back support. An erect posture with hips and knees at approximately 90 degrees and feet placed firmly on the ground was maintained throughout the test. A strap secured the thoracic spine to the chair during cervical movements. The active movement angle reproduction test with target position reproduction was used to measure cervical JPE. The target head position to be reproduced by the subjects was selected by the examiner as 50% of the available range of motion (ROM) for the subject. Subjects were asked to keep their eyes closed during the test. To measure cervical JPE, subjects adopted two positions: (1) a sitting position, which measures JPE in flexion, extension, and side-bending right and left; and (2) a supine position, which measures JPE in rotation to right and left. A digital inclinometer was placed on the side of the head to measure JPE in flexion and extension, on the center of forehead to measure JPE in side-bending right and left, and at the vertex of the head in the supine lying position to measure JPE in rotation to right and left.
Cervical ROM was measured first to determine target head position. The examiner then moved the subject's head slowly to the predetermined target position (50% of maximum range of motion). The head was maintained in the target position for 3 s and subjects were asked to remember that position. The head was then brought to the neutral position by the examiner, and the subject asked to actively re-position their head to the target position. When the subject indicated that he or she had reached the reference position, relocation accuracy was measured in degrees. Subjects were instructed to perform the test as accurately as possible and to verbally indicate when they felt sure that they had reached the target position. No visual or verbal feedback was given to subjects during the test. Subjects performed three trials in each movement direction (cervical JPE in flexion, extension, side bending right and left, rotation right and left), and the average JPE of the three trials was used for analysis. The order of testing movement directions was randomized using a simple lottery method. The assessor recording the cervical JPE was blinded to the aim of the study to eliminate the bias. All measurements were recorded by the same evaluator and the inclinometer device was calibrated between tests and directions. Absolute error was taken as a measurement of JPE; absolute error is the unsigned difference between the actual angle and the target angle and, unlike constant or relative error, it has no directional bias [41] .
Statistical analysis
All statistical analyses were done using SPSS v. 20.0 (IBM Corp., 2011), using a statistical significance criterion of 0.05 with a 95% confidence interval. A Shapiro-Wilk's test was used to confirm that data were normally distributed. Pearson's product-moment correlation was used to test the relationship between each cervical JPE measure and age. An independent sample t-test was used to compare cervical JPE between age groups (young vs. old). Minimal detectable change (MDC) is a clinically useful measure used to estimate true change versus error change, and indicates how much of change must occur in a measure with a given random error variance and a 95% certainty to conclude that the change is due to true change [42, 43] . MDC was calculated as follows: (Standard Error Mean (SEM) Â 1.65 Â p 2) [42] , where SEM is the estimated standard deviation of the sample mean [43] . This value is estimated as the standard deviation of one sample divided by the square root of sample size.
Results
Sample size for all tests was 230. Age was significantly positively correlated with JPE in flexion (Pearson's r = 0.71; 95% CI = 0.62-0.80; P < 0.001) and extension (Pearson's r = 0.81; 95% CI = 0.73-0.88; P < 0.001) tests (Fig. 2) . A positive correlation was also present between age and JPE for side-bending right (Pearson's r = 0.77; 95% CI = 0.69-0.85; P < 0.001) and side-bending left (Pearson's r = 0.84; 95% CI = 0.77-0.91; P < 0.001) measures (Fig. 3) . Finally, significant positive correlations were also found for right and left rotation tests (rotation right: Pearson's r = 0.84; 95% CI = 0.78-0.91, P < 0.001; rotation left: Pearson's r = 0.84; 95% CI = 0.77-0.91; P < 0.001) (Fig. 4) .
Cervical JPE is significantly lower in younger subjects compared to older subjects for all cervical movement directions (P < 0.001; Table 1 ). Overall, JPE errors are largest in cervical extension (mean degrees ± SD; young age = 3.11 ± 1.92; old age = 6.53 ± 1.61) with SEM of 0.340 and MDC of 0.793. The smallest JPE was noted in side bending left (young age = 2.27 ± 1.46; old age = 4.66 ± 0.63) with SEM of 0.248 and MDC of 0.578.
A linear regression coefficient was calculated to predict cervical JPE in different directions based on age. A significant regression was found for all the directions tested i.e. JPE in flexion (F (1, 229) = 238.04), P < 0.001 with an R 2 of 0.51, JPE in extension (F (1, 229) = 432.51), P < 0.001 with an R 
Discussion
This study demonstrates that cervical JPE is significantly correlated with age, with joint positioning becoming worse (JPE increases) with age. Subjects P50 years of age show a significantly higher cervical JPE compared to subjects 649 years.
To measure cervical JPE (proprioceptive ability), this study adopted the active movement angle reproduction test method. Previous studies in the literature used similar methods to measure proprioceptive sensitivity in clinical settings [15, [44] [45] [46] and are found to be reliable [47, 48] . Armstrong et al. conducted a pilot test to confirm reproducibility and reliability of head and neck movements for repeated position-matching tasks at various angles and found good reliability with high intraclass correlation coefficient (ICC) > 0.91 [48] . Lee et al. investigated the test-retest reliability of target head position tests in three cardinal planes. They found good to excellent reliability with ICC 0.72-0.90 [11] .
Age-related changes in peripheral and central somatosensation are likely to increase JPE in older subjects. Research in peripheral joints (knee, hip, ankle, and the upper extremity) has shown that older adults typically have some degree of decreased peripheral proprioception compared to younger individuals [23] [24] [25] 27, 30, 31] . Established evidence for peripheral changes includes a reduced number and function of muscle spindles, joint receptors and cutaneous receptors [14, 31, 49] . Muscle spindles contribute significantly to sense of body position, and the present results likely indicate a decrease in muscle spindle number and function with age [31] because both the lengthened antagonists and the activated agonists contribute to position sense afferent information [50, 51] . Larger cervical JPE in multiple directions indicates a decrease in sensory function of multiple neck muscles [32, 50, 51] . In older subjects, agerelated changes in the cervical spine, such as intervertebral disk degeneration, decreased strength of neck muscles, poor physical fitness or a sedentary lifestyle, can all lead to changes in the musculoskeletal system [51, 52] that might result in impaired target head reproduction tests in this study.
In this study there were positive correlations between cervical JPE and age in all three planes (sagittal -flexion and extension; frontal -side-bending right and left; and transverse -rotation right and left) evaluated. Teng et al. [22] show a positive correlation between cervical JPE in the sagittal plane (flexion and extension) and age, but found no correlation with age for JPE in the frontal or transverse planes. Teng et al. [22] used an ultrasound-based coordinate measuring system (CMS 70P, Zebris), while our study used a digital inclinometer for testing cervical JPE, and this may be responsible for differences in results. The methodological considerations for testing cervical JPE were also different, making comparisons between studies difficult. Our study findings are consistent with studies of weight-bearing joints (ankle, hip, knee, and lumbar spine), which find JPE is larger with increased age, and that movement threshold similarly changes with age [27, 32, [53] [54] [55] .
Previous studies have discussed several ways in which proprioception (position sense) acuity may be compromised in older subjects. For example, it could be due to decreased attention, memory, and cognitive function in older versus younger subjects [56, 57] . JPE evaluation methods used in this study require short-term memory to accurately re-position to the target head position. Therefore, a larger JPE in older subjects might be attributable to diminished memory as well as cognitive or motor abilities. Neuroimaging studies conducted in older subjects have confirmed that decreased right-sided subcortical activity and structural changes (most notably, in the right putamen) may lead to increased JPE [56, 58] . Such structural and functional changes in both peripheral and central systems may have contributed to an increased JPE in older subjects in the current study.
The data of the current study show an age-related decline in cervical position sense as evaluated by JPE. Previous studies have shown that a decrease in position sense results in impaired postural control and balance and vice versa in elderly or injured individuals [55, 59] . Further studies are warranted to clarify how impaired cervical position sense might alter postural control in asymptomatic subjects and in subjects with different neck pathologies that affect somatosensation.
Limitations of the study
The cross-sectional study design adopted in this study limits the interpretation of the significant correlations found between age and cervical JPE. In the present study, all the old age subjects were independent, ambulatory and healthy, and thus the results of the research are not generalizable to older subjects with lower physical activity levels. This study recorded only absolute errors (JPE), including constant error and variable errors would have provided meaningful information regarding the direction and magnitude of errors in JPE tests.
Conclusions
Cervical JPE and age are significantly positively correlated, confirming that cervical joint position sense declines with age, as has been found for other joints. Older subjects have a significantly higher cervical JPE compared to younger subjects. Seeing this study results the therapists should consider the chance of showing higher cervical JPE in older subjects, and the assessment and rehabilitation goals should be considered different from younger subjects. This research provides further scope to evaluate the cervical JPE in different cervical pathologies and find how the cervical JPE would change with increasing age.
